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$OOWKHVHOHFWHGELRPDVVUHVLGXHVKDYHEHHQWHVWHGDVIXHOEHIRUH7KHUHIRUHLQIRUPDWLRQRQJURVVFDORULILFYDOXH
SHUGU\ZHLJKWDQGQDWXUDOPRLVWXUHFRQWHQWRIHDFKUHVLGXHW\SHFDQEHIRXQGLQYDULRXVVRXUFHV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7KH
WKHRUHWLFDOO\REWDLQDEOHDPRXQWRIELRPDVVUHVLGXHVZDVFDOFXODWHGEDVHGRQVWDWLVWLFDOGDWDDQGVFLHQWLILFVWXGLHVRU
DVVXPHG$OOWKHGDWDDQGLQIRUPDWLRQZDVLQWHJUDWHGLQWKHPRGHOIRUVFHQDULRGHYHORSPHQWDQGUHVXOWDQDO\VLVRI
WKHSRWHQWLDODPRXQWRIHQHUJ\SURGXFHGIURPWKHELRPDVVUHVLGXHVDQG*+*HPLVVLRQVDVVRFLDWHGZLWKWKHUHVLGXH
XVH
2YHUDOOWKUHHVFHQDULRVZHUHGHYHORSHG±PD[LPXPPLQLPXPDQGRSWLPXP,QWKHPD[LPXPVFHQDULRWKHWRWDO
SRWHQWLDODPRXQWRIIXHOHQHUJ\SURGXFHGIURPDOOWKHRUHWLFDOO\H[WUDFWDEOHDJULFXOWXUDODQGIRUHVWU\UHVLGXHV
LVDVVHVVHG7KHFKDQJHVLQWKHLUDYDLODEOHDPRXQWDQGWKHDVVRFLDWHG*+*HPLVVLRQVDUHDQDO\]HG
7KHPLQLPXPGHYHORSPHQW VLWXDWLRQ LV VLPXODWHG LQ WKH VHFRQG VFHQDULRZKHUH RQO\ RI DOO WKHRUHWLFDOO\
H[WUDFWDEOH DJULFXOWXUDO DQG IRUHVWU\ UHVLGXHV DUH XVHG IRU IXHO HQHUJ\ SURGXFWLRQ 7KH RWKHU  UHPDLQV RQ
DJULFXOWXUDO RU IRUHVW ODQGV DQG GHFRPSRVHV WKXV UHWXUQLQJ QXWULHQWV EDFN WR VRLOV EXW DOVR JHQHUDWLQJ *+*
HPLVVLRQV,QWKHRSWLPXPVFHQDULRRIDOOWKHRUHWLFDOO\H[WUDFWDEOHDJULFXOWXUDODQGIRUHVWU\UHVLGXHVDUHXVHG
IRU IXHO HQHUJ\ SURGXFWLRQ $V FRPSDUHG WR WKH RWKHU WZR VFHQDULRV  H[WUDFWLRQ ZRXOG SUHYHQW VRLO IURP
GHJUDGDWLRQE\EXLOGLQJXSHQRXJKQXWULHQWVIRUIXWXUHGHYHORSPHQWRISODQWVZKLOHSDUWO\DYRLGLQJ*+*HPLVVLRQV
DQGSURYLGLQJPDWHULDOVIRUWKHSURGXFLQJDGGHGYDOXHSURGXFWV
,Q6'WKHVWUXFWXUHRIWKHUHDOZRUOGV\VWHPXQGHUVWXG\LVFRQYHQLHQWO\EXLOWLQWRDPRGHOXVLQJVWRFNDQGIORZ
GLDJUDPVWRFDSWXUHWKHHVVHQWLDODFFXPXODWLRQVDQGDFWLYLWLHV:LWKLQWKHV\VWHPGULYHUVRIDFWLYLW\DUHUHSUHVHQWHG
DV LQIRUPDWLRQIHHGEDFN SURFHVVHV %XVK HW DO  7KH REWDLQHG PRGHO RI IHHGEDFNV FUHDWHV WKH V\VWHP
V
VWUXFWXUHWKDWGHWHUPLQHVWKHV\VWHP
VSHUIRUPDQFH7KHPRGHORIRXUVWXG\ZDVGHYHORSHGLQWKHPowersim Studio 8
VRIWZDUHHQYLURQPHQW$OOFKDQJHVLQWKHV\VWHPZHUHVLPXODWHGVWDUWLQJIURP
5HVXOWVDQGGLVFXVVLRQV
7KH UHVXOWV VKRZ WKH DPRXQW RI IRVVLO IXHO HQHUJ\ WKDW FRXOG EH UHSODFHG IRU ELRPDVV IXHO SURGXFHG IURP
DJULFXOWXUDODQGIRUHVWU\UHVLGXHV,Q/DWYLD7-IXHOHQHUJ\ZHUHFRQVXPHGLQ&6%ZHUH
FRYHUHGE\YDULRXVRLOSURGXFWV±E\QDWXUDOJDVDQG±E\RWKHUIRVVLOIXHOV7KXVPRUHWKDQRIIXHO
HQHUJ\FRQVXPHGZDVFRPSRVHGRIQRQUHQHZDEOHHQHUJ\VRXUFHV7KHRQO\UHVLGXHRIWKRVHDQDO\]HGLQRXUVWXG\
VHH7DEOHWKDWKDVEHHQXVHGLQHQHUJ\SURGXFWLRQLVVWUDZ7-IXHOHQHUJ\3DUWO\DOVRWUHHFURZQZRRGFKLSV
DUHXVHGWKRXJKVHSDUDWHGDWDLVQRWFROOHFWHGRQWKHLUDPRXQWWKHUHRIXQNQRZQ
7KHVLPXODWLRQUHVXOWVRIWKHGHYHORSHG6'PRGHOVKRZWKDWWKHWRWDOSRWHQWLDOIXHOHQHUJ\VWRUHGLQDJULFXOWXUDO
DQGIRUHVWU\UHVLGXHVWKDWFRXOGEHREWDLQHGE\UHDFKHV7-VHH)LJ
,W LV WKHPD[LPXPWHFKQRORJLFDOO\REWDLQDEOHDPRXQWRIIXHOHQHUJ\7KXVDQDGGLWLRQDORI WKH WRWDO IXHO
HQHUJ\FRQVXPHGLQ/DWYLDFRXOGSRWHQWLDOO\EHFRYHUHGE\UHQHZDEOHHQHUJ\VRXUFHV5HDOLVWLFDOO\ODUJHUHVRXUFHV
DQGSROLWLFDOZLOOLQJQHVVZRXOGEHQHFHVVDU\WRXVHWKHIXOOUHVLGXHSRWHQWLDO7KHPLQLPXPDQGRSWLPXPVFHQDULRV
VKRZPRUH FUHGLEOH UHVXOWV LH XS WR  7- DQG   7- IXHO HQHUJ\ FRXOG EH H[WUDFWHG UHVSHFWLYHO\ ,Q
DGGLWLRQDVFDQEHVHHQIURP)LJ WLPHZRXOGEHQHFHVVDU\WRVWHDGLO\ LQFUHDVHWKHXVDJHRIELRPDVVUHVLGXHLQ
HQHUJ\ SURGXFWLRQ DV GLIIXVLRQ RI WHFKQRORJ\ LPSOHPHQWDWLRQ DQG VRFLDO DQG SROLWLFDO DFFHSWDQFH LQKHUV D WLPH
GHOD\
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
)LJ5HVXOWVRIWKHWRWDOIXHOHQHUJ\REWDLQDEOHIURPELRPDVVUHVLGXHVLQ/DWYLD±


)LJ&RPSDULVRQRIIXHOHQHUJ\SURGXFHGIURPXSSHUJUDSKDJULFXOWXUDODQGEHOORZIRUHVWU\UHVLGXHV±
)LJXUH  VKRZV KRZ WKH WRWDO IXHO HQHUJ\ LQ HDFK RI WKH VFHQDULRV LV VSOLW EHWZHHQ DJULFXOWXUDO DQG IRUHVWU\
UHVLGXHV,WFDQEHVHHQWKDWDVOLJKWO\ODUJHUDPRXQWRIIXHOHQHUJ\LVSURYLGHGE\IRUHVWU\UHVLGXHV,QDGGLWLRQIXHO
HQHUJ\IURPIRUHVWU\UHVLGXHVKDVDKLJKHULQFUHDVHUDWHZKLFKLVGHWHUPLQHGE\SURMHFWHGZRRGIHOOLQJUDWHVLQWKH
IXWXUH
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%\UHPRYLQJ WKHELRPDVVUHVLGXHIURPODQG*+*HPLVVLRQVDULVLQJIURPGHFD\RIGHDGELRPDVVDUHUHGXFHG
&RQVLGHULQJ WKH H[LVWLQJ QHJOLJLEOH SDUW RI UHVLGXH XVHG IRU HQHUJ\ SURGXFWLRQ VWUDZ LW FDQ EH DVVXPHG WKDW
SUDFWLFDOO\DOODJULFXOWXUDODQGIRUHVWU\UHVLGXHVUHPDLQRQODQGDQGGHJUDGHZLWKYDU\LQJVSHHGKHQFHJHQHUDWLQJ
*+*HPLVVLRQV ,QDGGLWLRQDJULFXOWXUDO DQG IRUHVWU\DFWLYLWLHV WKHPVHOYHVHPLW DQG UHPRYH*+*HPLVVLRQV%\
FRQVLGHULQJ DOO HPLVVLRQV DQG UHPRYDOV WKHQHW*+*HPLVVLRQVDUH HVWLPDWHG)LJXUH VKRZV WKHKLVWRULFDO DQG
SURMHFWHG DPRXQW RI QHW*+* HPLVVLRQV LQ/DWYLD ,W FDQ EH VHHQ WKDW GXULQJ WKH VLPXODWHG WLPH SHULRG WKH QHW
HPLVVLRQV DUH QHJDWLYHPHDQLQJ WKDWPRUH HPLVVLRQV DUH UHPRYHG WKDQJHQHUDWHG6WLOO WKH QHW HPLVVLRQV KDYH D
WHQGHQF\WRLQFUHDVHZKLFKLVFDXVHGE\LQWHQVLI\LQJDJULFXOWXUDODFWLYLWLHVLQFUHDVHRIV\QWKHWLFIHUWLOL]HUVDSSOLHG
SHU DUHD JURZWK LQ OLYHVWRFN QXPEHU FKRLFH RI D PDQXUH PDQDJHPHQW V\VWHP HWF DQG LQFUHDVHG IHOOLQJ UDWHV
GHFUHDVHLQOLYLQJELRPDVVWKDWZRXOGDEVRUEHPLVVLRQV7KH%DVHOLQHVKRZVWKDWWKHQHWHPLVVLRQVZLOOLQFUHDVH
WZLFHLQ\HDUSHULRGDQGVROXWLRQVKDYHWREHIRXQGIRUUHGXFLQJWKHUDWHDWZKLFKHPLVVLRQVLQFUHDVH5HPRYDO
DQGXVHRIELRPDVVUHVLGXHVIRUIXHOHQHUJ\SURGXFWLRQZRXOGVORZGRZQWKHHPLVVLRQLQFUHDVHUDWHE\WR
GHSHQGLQJRQWKHVHOHFWHGVFHQDULR


)LJ5HVXOWVRIWKHKLVWRULFDODQGSURMHFWHGQHW*+*HPLVVLRQVIURPDJULFXOWXUDODQGIRUHVWU\VHFWRUVLQ/DWYLD±
,QDGGLWLRQ*+*HPLVVLRQVZRXOGEHDYRLGHGDOVRE\ UHSODFLQJIRVVLO IXHOV IRUELRPDVV IXHO&RQVLGHULQJ WKH
HPLVVLRQ IDFWRURIQDWXUDOJDV  W&2HTSHU7-FD±*J&2HTHPLVVLRQVZRXOGEHDYRLGHG
)XUWKHUPRUH WUDGLQJ ZLWK *+* HPLVVLRQ DOORZDQFHV ZRXOG SURYLGH DQ HFRQRPLF EHQHILW IRU HQHUJ\ FRPSDQLHV
VZLWFKLQJIURPIRVVLOWRUHQHZDEOHIXHOV
&RQFOXVLRQV
2YHUDOOWKHH[WUDFWLRQRIELRPDVVUHVLGXHVIURPDJULFXOWXUDODQGIRUHVWODQGVFRXOGSURYLGHVHYHUDOHFRQRPLFDQG
HQYLURQPHQWDOEHQHILWVLQFOXGLQJUHGXFHG*+*HPLVVLRQVGHFUHDVHGGHSHQGHQF\RQIRVVLOIXHOVLQFUHDVHGVKDUHRI
UHQHZDEOHVRXUFHVDQGDSURPRWHGELRHFRQRP\<HWLWVKRXOGEHQRWHGWKDWVXFKDVSHFWVDVVRLOQXWULHQWEDODQFHRU
HPLVVLRQVJHQHUDWHGZKLOHH[WUDFWLQJWKHELRPDVVUHVLGXHZHUHQRWLQFOXGHGLQRXUVWXG\DQGVKRXOGEHHYDOXDWHGLQ
IXUWKHUUHVHDUFK
$FNQRZOHGJHPHQWV
6XSSRUW IRU WKLVZRUNZDV SURYLGHG E\ WKH5LJD7HFKQLFDO8QLYHUVLW\ WKURXJK WKH6FLHQWLILF5HVHDUFK3URMHFW
&RPSHWLWLRQIRU<RXQJ5HVHDUFKHUV1R=3
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